Introduction
There are several challenges associated with the provision of care to patients suffering from gastrointestinal malignancies, particularly in the elderly. Several studies, such as ERAS [1] and PER-ATECS [2] , have already shown that the field of anesthesiology plays a significant role in ensuring the successful treatment and recovery of these patients. Surgeons and anesthesiologists must be aware of strategies required to deal with this special subgroup.
Regardless of age, malignancies usually entail massive physiological disturbances, such as anemia, muscle wasting, and organ dysfunctions, in addition to psychological strains like stress and anxiety. Therapeutic measures, such as chemotherapy, can be an additional burden on the body and are often associated with severe side effects.
In combination with advanced age, the effects of malignancies can be even more devastating. Elderly patients often already have reduced physiological reserves, and comorbidities can limit treatment options and promote complications.
Ultimately, special attention is required when treating this particularly vulnerable population. It is imperative to have an interdisciplinary, shared decision process when planning treatment so that their particular risk factors can be assessed and efficiently addressed. This article addresses a number of strategies that can be employed to improve the short-and long-term outcomes of geriatric oncological patients.
Patient-Centered Outcome -Shared Decision Making
The ultimate goal is not simply survival. All health care providers have the responsibility to administer care in such a way as to safeguard the patient's physical, psychosocial and cognitive integrity, both throughout the hospitalization period and after hospital discharge.
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Summary Introduction: Elderly patients suffering from gastrointestinal malignancies are particularly prone to perioperative complications. Elderly patients often present with reduced physiological reserves, and comorbidities can limit treatment options and promote complications. Surgeons and anesthesiologists must be aware of strategies required to deal with this vulnerable subgroup. Methods: We provide a brief review of current and emerging perioperative strategies for the treatment of elderly patients with gastrointestinal malignancies and frequent comorbidities. Results: Especially in combination with advanced age, the effects of malignancies can be devastating, bringing new health challenges, exacerbating preexisting conditions, and exerting severe psychological strain. An interdisciplinary assessment and process planning provide an ideal setting to identify and prevent potential complications, especially in regards to frailty and cardiovascular risk. In addition, important perioperative considerations are presented, such as malnutrition, fasting, intraoperative neuromonitoring, and hemodynamic control, as well as postoperative early mobilization, pain, and delirium management.
Conclusion:
The decisions and interventions made in the perioperative stage can positively influence many intraand postoperative factors, significantly improving the chances of successful treatment of elderly cancer patients. Appropriate management can help prevent or mitigate complications, secure a quick recovery, and improve short-and long-term outcomes.
In order to provide a patient-centered care, an interdisciplinary shared decision making process should take place for elderly oncological patients, with a focus on the patient's wishes and expectations. This team should consist of physicians from the surgical, anesthesiological, and geriatric specialties, as well as nurses, nutritionists, physiotherapists, and social workers [3] . It is important for patients to actively participate in this process; thus, it is crucial that they understand their situation, options, and risks. With the patient's consent, social networks should be activated and involved in the decision and treatment processes. An interdisciplinary team should analyze the individual risk factors of the patient, using all available information to reach an informed decision regarding any preoperative interventions, clearly define the extent and type of surgery and anesthesia required, and coordinate postoperative management, such as rehabilitation, analgesia, and nutritional support ( fig. 1) .
Especially in the context of frailty and cardiovascular risk factors, already established physical or cognitive impairments must be assessed, as these conditions are particularly prone to causing perioperative complications. Identification and treatment of these conditions can help improve the status of the patient before the operation [4, 5] .
Individual Risk Evaluation
In order to identify emerging or undiagnosed conditions, the status of the elderly patient must be carefully and thoroughly scrutinized. Already diagnosed conditions should be carefully reassessed, ensuring that current therapies are adequate and effective.
Risk factors associated with gastrointestinal malignancies, such as substance abuse, diabetes, and inflammatory intestinal conditions, can cause severe perioperative complications and must be diagnosed (and treated) before surgery. Abstinence from nicotine and alcohol at least 1 month prior to the operation has been shown to reduce complication rates [6, 7] .
Nutritional status is profoundly affected by most disease states, usually by a combination of increasing demand at a time when there is reduced intake. It is strongly recommended to carry out nutritional screening on all patients who are about to undergo major surgery [8] . The European Society for Clinical Nutrition and Metabolism (ESPEN) recommends using validated nutritional screening tools [9] , such as the Nutrition Risk Screening (NRS-2002), Mini Nutritional Assessment (MNA), and the Malnutrition Universal Screening Tool (MUST). A complete nutritional assessment should be carried out by positive screening results, including information on body mass index, food consumption, weight loss or gain, functional capacity, status of muscle mass and of subcutaneous fatty tissue, as well as localized or generalized fluid accumulation (which may sometimes mask weight loss). Evidence to support preoperative nutritional interventions is limited but suggests that the outcome is improved if malnourished individuals are adequately fed for at least 7-10 days before surgery [10] . Preoperative parenteral nutrition is indicated in case of severely malnourished patients (table 1) who cannot be adequately fed orally or enterally [11] . Laboratory tests should be performed to assess liver and kidney function, as an impaired metabolic function can require adjustments regarding the choice and dosage of anesthetics. Special attention should be paid to chemotherapy patients.
Even a mild anemia can lead to increased complication rates and mortality so that a preoperative anemia should be assessed and managed as early as possible [12, 13] . For elective surgery, the hemoglobin level should be within the normal range of 12 g/ dl (female) and 13 g/dl (male) , according to the NATA guidelines [14] . Also assess for clotting disorders, and always consider a planned epidural analgesia when preparing a thromboembolic prophylaxis protocol. The indication for blood products should also be anticipated and applied according to the transfusion guidelines. It is very important to consider preoperative anemia treatment instead of giving transfusions, which are known to increase the postoperative risk severalfold [15, 16] .
Many elderly patients are also subject to polypharmacy (>5 drugs), which should be prevented whenever possible by optimizing medication, both by giving preference to combination drugs and by adjusting dosages [17] . This is particularly relevant in avoiding long-term cognitive sequelae [18] .
A cognitive assessment can help establish a preoperative cognitive deficit, which is prevalent in elderly patients, is rarely diagnosed, and known to be related to a steady and permanent postoperative long-term cognitive decline [19] [20] [21] .
The implementation of a Comprehensive Geriatric Assessment for elderly cancer patients has been recommended by the International Society of Geriatric Oncology, as it enables the identification of thus far undiagnosed functional, psychological, social and pharmacological issues within this population [22] . Underlining the immense value of these measures, their utilization has been shown to reduce health care costs, readmission, and institutionalization rates [23, 24] .
Frailty Syndrome
Frailty is being increasingly recognized as a major risk factor on the short-and long-term outcomes of elderly patients. The syndrome is multifactorial and frequently includes different, mainly physical, cognitive and psychosocial dimensions [25] . It refers to a reduced compensatory mechanism and lower reserves against stressors, rendering these individuals as particularly susceptible to intra-and postoperative complications, extended hospitalization, institutionalization, and mortality [26, 27] .
While the individual factors making up the syndrome can usually be influenced, or even reversed, their combination is devastating. The physical aspects still dominate frailty assessment and diagnosis. Although there is no diagnostic gold standard, the most widely used definition is the Fried Physical Phenotype, which assesses physical activity, nutrition, mobility, energy, and muscle strength [28] . The cognitive aspects include memory, dementia, and cognitive impairments, while the psychosocial elements include, among others, depression, anxiety, social binding, living, and financial situation.
Malignancies can trigger or exacerbate several frailty factors (e.g. malnutrition, sarcopenia, depression) and thus cause a previously robust patient to become frail. Approximately 10% of all individuals over 65 years of age, however, are already frail [29] , and the prevalence increases with age, so that more than half of all surgical procedures are ultimately performed on frail patients [30] . Awareness regarding this syndrome and the implementation of appropriate interventions are crucial for improving the survival and outcome of these patients [31] . It is suggested in this patient group to implement in-hospital and out-hospital shared decision making to empower patients and their relatives to participate in this obligatory interdisciplinary, multiprofessional process [3] .
Cardiovascular Risk
Although the current guideline for preoperative evaluation of the European Society of Anesthesia (ESA) recommends focusing on the patient's risk factors rather than on age or frailty status, the number of cardiac comorbidities increases with age [32] . For non-cardiac surgery, the risk for a perioperative major cardiac event in an unselected population is estimated to be 1.4% [33] , and this rate increases to 3.9% for patients with cardiac risk factors [34] . In addition, the classification system of the European Society of Cardiology (ESC), which assesses the risk of a major cardiac event within 30 days of surgery, ranks intraperitoneal, duodeno-pancreatic, liver and perforated bowel surgery as intermediate-to high-risk surgical procedures [33] . In order to improve outcome, surgery in patients at risk should include advanced hemodynamic monitoring as well as an individualized goal-directed therapy (GDT) throughout the procedure.
Cardiac risk varies widely between procedures, depending on factors such as duration of procedure, blood loss, fluid shifts, anatomical region, and patients' positioning. Tissue damage caused by surgery leads to an inflammatory response and a neuroendocrinemediated sympathovagal imbalance, which increases systemic and especially myocardial oxygen demand. Therefore, fluid imbalance can increase surgical stress and oxygen demand while further reducing oxygen supply [35] .
Thus, when assessing a patient's medical history, it is crucial to focus on functional capacity as well as on symptoms of diastolic and systolic heart failure. A preoperative evaluation of functional capacity is also needed to estimate the patient's ability for coping with surgical stress, as functional impairment has been linked to higher 1-year mortality in elderly gastrointestinal cancer patients [36] . Metabolic equivalents (MET) are used to quantify functional capacity, whereas 1 MET reflects the metabolic rate at rest and >10 METs depict the metabolic rate during exertive sports. A poor functional capacity is reflected by the inability to climb two flights of stairs or to run a short distance, and a MET <4 is associated with an increased incidence of cardiac events following non-cardiac surgery [35, 37] .
The Revised Cardiac Risk Index (RCRI) is a relatively simple method used for perioperative risk stratification, focusing on arteriosclerosis-related causes and comorbidities [33] . In patients with an RCRI 2 and poor functional capacity, non-invasive imaging stress testing is recommended before high-risk surgery, while preoperative elective angiography is recommended in patients with proven myocardial ischemia under medical therapy and unstable angina pectoris [35] .
In addition, biomarkers, such as cardiac troponins or brain-related natriuretic peptides, may be considered in patients with impaired functional capacity (MET 4) or with an RCRI 1 for vascular surgery and 2 for non-vascular surgery [35] .
Finally, transthoracic echocardiography (TTE) is a non-invasive, versatile, readily available diagnostic tool that can provide both structural and functional information. TTE can assess left and right ventricular systolic, diastolic (such as E/e' ratio), and valve function to significantly predict cardiac complications, and is also recommended in asymptomatic patients before high surgical risk [35] . If myocardial/ventricular heart disease or congestive heart failure is known or suspected, an echocardiographic evaluation should take place in all elective intermediate or high-risk non-cardiac surgery [35] . Preoperative echocardiography should be also be considered early in frail patients. Frailty is linked to a decreased left ventricular function, a higher left ventricular mass index, a higher left atrial volume index, an impaired myocardial relaxation, and an increased pulmonary artery pressure [38] . In addition, a preoperative TTE at rest may help in guiding intraoperative hemodynamic management.
Preoperative Management
The decisions and interventions made at the beginning of the perioperative stage can positively influence many intra-and postoperative factors, significantly improving the chances of successful treatment of elderly cancer patients. Fasting, premedication, fluid management, and antibiotics are some of the aspects that must be considered with diligence and caution.
Preparation for Surgery
Preoperative fasting should be restricted to 6 h without solid food and 2 h without clear fluids prior to induction [39] . In addition, preoperative fluid restrictions were the most predictive factor for postoperative delirium (POD) in the recovery room [40] . Due to a reduced sense of taste and thirst, dehydration and malnutrition are often seen in elderly patients, and gastrointestinal malignancies can exacerbate this picture with nausea, chemotherapeutic side effects, or a prolonged gastric clearance. Especially for operations scheduled for the early morning, fasting periods can be significantly longer. Diabetes and cardiovascular conditions can be easily aggravated by prolonged fasting, and thus, it is important to encourage the patient to strictly adhere to the prescribed period as well as to avoid or timely communicate any scheduling delays. The administration of intravenous fluids should be considered for elderly patients at risk as well as due to significant surgery delays. Small studies have shown that preoperative carbohydrate loading on the previous evening and 2-3 h before the operation can improve outcome [41, 42] .
Premedication with benzodiazepines should be avoided whenever possible, as their use has been associated with a higher incidence of postoperative complications such as delirium [43] . It is important, however, not to deny premedication to patients with severe anxiety, as untreated patients are also at higher risk for complications [44] . In such cases, dosage adjustments should be considered. Beware of adverse reactions, such as respiratory suppression, and ensure that premedicated patients are continuously monitored. Premedication, as well as age, can alter the reference levels in electroencephalography (EEG), so EEG monitoring should be started prior to induction of anesthesia in all patients [45] .
In order to reduce the risk of postoperative infections, antibiotics should be administered between 30 min and 1 h before surgery [46] , either at the ward or immediately upon arrival in the operating room. In addition, thermoregulation can also be impaired in elderly patients, and they tend to have a limited compensatory mechanism due to reduced muscle mass or impaired circulation. They should be promptly covered and actively warmed upon arrival, even before placement of a peridural catheter, as even mild hypothermia has been shown to disrupt clotting and increase postoperative infection rates [47] .
Induction of Elderly Patients
Anesthesia induction of elderly patients must take their current physical state and comorbidities into consideration.
While regional anesthesia is not feasible for gastrointestinal surgery, a patient-controlled epidural analgesia system can be used to reduce the amount of opioids required during and after the operation. The systems also allow for faster mobilization, a greater level of independence from staff during the postoperative period, and intestinal stimulation through inhibition of the sympathetic innervation [1, 48] .
Reduced proportions of muscle and fat, as well as a reduced neural mass, dehydration, and organ dysfunctions, can alter drug distribution and metabolism considerably [49] . This change in drug pharmacodynamics and pharmacokinetics means that routine dosages can have toxic effects in the elderly oncologic patient. This altered state must be anticipated, and the choice and dosage of substances should be adapted to avoid subsequent complications. Ideally, induction and maintenance of anesthesia should be performed with short-acting substances, preferably independent of renal or hepatic elimination [50] . When dealing with gastrointestinal tumors, a rapid sequence induction should be considered for patients with nausea, delayed gastric passage, or subileus symptomatology. Prophylaxis for postoperative nausea and vomiting should be given during or immediately after induction.
High-risk patients should have 12-lead electrocardiography monitoring throughout the surgical procedure in order to improve sensitivity for the detection of myocardial ischemia [35] .
Intraoperative Management
There are a number of intraoperative considerations and precautions that must be implemented during anesthesia of this vulnerable patient collective. In particular, neuro-and cardiovascular monitoring can improve patient safety during medium-and highrisk operations, allowing for the rapid assessment and treatment of potential complications.
General Considerations
Special care is required for the positioning of weakened patients for surgery, particularly for long procedures. Brittle skin, poor circulation, and reduced fat and muscle mass make these patients prone to neural damage, decubitus, and thrombosis. Positioning should be regularly controlled in order to detect unwanted shifting during the operation.
Extreme blood pressure fluctuations should be avoided whenever possible, as variation is not as easily tolerated in the frail or severely ill [51] . These changes can occur in response to medication, fluid shift, blood loss, intraoperative positioning, or surgical stimuli.
Therapy responses must be regularly controlled, including an appropriate urinary output, blood gas analyses for blood loss or fluid/blood product application, temperature measurement by active warming, as well as depth and duration of a neuromuscular blockade by relaxant administration (especially before emergence from anesthesia).
Neuromonitoring
To aid in the titration of anesthetics, neuromonitoring should be routinely employed in elderly patients. Although the use of EEG during surgery is widely recommended, it is still poorly implemented. EEG evaluations can be challenging, and tools have been developed to help interpret readings, such as the use of spectrograms and index values. Several studies are dealing with intraoperative EEG dynamics and evaluation, paving the way to newer and more effective strategies. Such studies have recently shown a reduced alpha band power in elderly patients during unconsciousness as well as an elevated risk to develop burst suppression state during anesthesia [52] . This is crucial since avoidance of burst suppression states ( fig. 2 ) during anesthesia can help in safeguarding the patients from debilitation and sometimes permanent, postoperative cognitive complications [53, 54] . For now, monitoring the substance-specific EEG dynamic of a frontal alpha band coherence, related to a GABA-induced unconscious state, can help to ensure an appropriate level of anesthesia [55, 56] . In elderly patients with reduced alpha band power, monitoring might be facilitated by increasing the power scale from 60 to 30 or 15 μV, so as to better delineate the alpha band (feasible in most monitoring systems).
Hemodynamics and Goal-Directed Fluid Therapy
An individualized hemodynamic optimization is essential in the perioperative course. The concept of GDT was described for the treatment of high-risk surgical patients as early as 1993 [57] , aiming to improve tissue perfusion and oxygen delivery (DO2) via an optimized application of fluids, red blood cells, inotropic and/or vasoconstrictive therapy, as well as oxygen [58] . In this context, cardiac output is the major determinant for oxygen delivery [59] . In the perioperative course, GDT has been shown to decrease mortality, postoperative complications, morbidity, and length of stay on the intensive care unit (ICU) [60, 61] . Surgical stress and inflammatory responses lead to increased oxygen consumption, while oxygen supply is decreased by blood loss and fluid shifts. This divergence often initiates a vicious circle, as attempts to increase cardiac output lead to an increased oxygen consumption and shortened diastolic filling, subsequently lowering oxygen delivery for the heart itself. A decreased preload due to excessive fluid restriction leads to hypovolemia and an increased rate of postoperative complications [60] . Conversely, a volume overload can lead to congestion and heart failure, also prolonging hospital length of stay [62] .
Several GDT strategies and hemodynamic monitoring devices have been introduced into clinical practice [61, 63] . However, atrial fibrillation, right ventricular dysfunction, and valve regurgitation may reduce their validity [64] [65] [66] . In this context, transesophageal echocardiography (TEE) is recently becoming more important as it may influence volume and catecholamine therapies [67] . Compared to TTE, TEE also provides structural, functional and hemodynamic information, especially when a transthoracic approach is not feasible intraoperatively. TEE is already recommended in highrisk surgery and should always be used if unexplained life-threatening hypotension persists despite corrective therapy, as well as in unexplained hypoxemia [38] . Since perioperative TEE is usually performed by anesthesiologists in high-stress situations, straightforward protocols for the examination and a special training of the examiner are indispensable [68] .
Postoperative Management
Avoiding postoperative complications is critical for a speedy recovery. Many potential complications can be treated or mitigated if diagnosis is made early, so vigilance is required. Depending on the status of the patient and the extent of the operation, an ICU stay may be required [69] . An appropriate delirium and pain management as well as a continuing nutritional support and an early mobilization can help ensure that the length of hospitalization remains as short as possible. Social binding becomes critical at this stage, as support from family and friends can not only guard against depression and anxiety but also enable an early hospital discharge.
Delirium and Pain Management
There are important guidelines regarding patient management in regards to POD [44] . POD is an acute cerebral dysfunction and a common complication affecting about a quarter of elderly patients following major abdominal surgery [70] . The condition has been shown to increase mortality, and 55% of delirious patients go on to develop long-lasting cognitive deficits [71] . When recognized, POD is treatable, and its ramifications can be limited or avoided if a rapid symptomatic treatment is initiated. Since POD is often fluctuating, patient assessment must take place regularly by using validated tools not only on the ICU or in the recovery room but also in the peripheral wards. Validated tools include the Nursing Delirium Screening Scale [72] and the Confusion Assessment Method [73] .
Pain management should also include regular assessments using validated tools. In order to reduce perioperative stress and to avoid complications, choice and dose of analgesics must be carefully selected. A patient-controlled analgesia has been shown to improve mobility, reduce stress, and better titrate the overall analgesic intake of the patients. The use of opioids can be problematic, as side effects, e.g. nausea and obstipation, can be particularly strenuous following gastrointestinal surgery. Therefore, the goal is to reduce opioid requirements and to limit their side effects as well as to keep patients alert and oriented, thus enabling them to actively participate in their recovery.
Nutritional Support
Nutritional support should be continued after surgery. An early resumption of postoperative nutrition has been shown to benefit the patients [74] . Early oral feeding after gastric oncological surgery seems feasible and safe, and should be started at the day of surgery, irrespective of the extent of the gastric resection and the type of surgery [75] . This also applies to early nutrition following colorectal resections, as results show that this practice is safe and feasible [76] .
All patients who are not expected to be on a full oral diet within 3 days should receive enteral nutrition [77] . Experimental data demonstrate the benefit of the early initiation of enteral nutrition [78] . It has since been shown that postoperative enteral feeding in patients undergoing gastrointestinal resection is safe and well tolerated even when started within 12 h of surgery [79] . In patients who require postoperative artificial nutrition, enteral feeding or a combination of enteral and supplementary parenteral feeding is the first choice [79] .
There is also evidence that enteral feeding initiated immediately after major colorectal surgery, in patients given preoperative carbohydrates and thoracic epidural anesthesia, normalized glucose levels and was associated with a suppression of the catabolic response to surgery [80] . These findings suggest that it is possible to overcome most of the metabolic response to injury with a combination of postoperative feeding, preoperative carbohydrates, and epidural anesthesia.
Postoperative parenteral nutrition is beneficial for undernourished patients in whom enteral nutrition is not feasible or not tolerated, as well as in patients with postoperative complications impairing gastrointestinal function who are unable to receive and absorb adequate amounts of oral/enteral feeding for at least 7 days [11] .
Early Mobilization
There is sufficient evidence that patients in poor physical condition and with a low anaerobic threshold have greater postoperative morbidity and mortality rates [81] . Mobilization during the first 24 h after surgery is recommended and has been successfully employed in the ERAS program, whose patients were shown to achieve independent mobilization sooner [82] . Early and frequent ambulation and alimentation is associated with decreased complications and readmissions in adult patients admitted for elective small or large bowel operations [83] , and loss of muscle mass and function can be attenuated by early mechanical loading and early physical therapy in immobilized patients [84] [85] [86] .
Patients mobilized during the first days in an ICU (even under mechanical ventilation) do not only have a better muscular activity but also an improved vascular and respiratory function as well as a reduced risk of delirium [87] .
Complications
As a high-risk group, it is important to anticipate and monitor several possible postoperative complications, such as anastomosis insufficiency, kidney failure, and infections. An appropriate decubitus and thrombosis prophylaxis protocol should be implemented.
Potential infection sites, e.g. central lines and catheters, should be regularly inspected. Fever and infection parameters should be monitored frequently, and pain should be taken seriously. The use of a peridural catheter can temporarily mask surgical complications like anastomosis insufficiency; therefore, a sudden increase in analgesic requirements should be critically evaluated. 
Conclusions
The elderly patient suffering from a gastrointestinal malignancy is particularly prone to perioperative complications. An interdisciplinary assessment and process planning provide an ideal setting to identify and prevent potential issues, especially in regards to frailty and cardiovascular risk factors.
Several anesthesiological strategies for the pre-, intra-and postoperative management of such patients can help prevent or mitigate complications, securing a quick recovery and improving short-and long-term outcomes.
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